Background: Food insecurity as a major public health problem has associations with a wide range of adverse consequences on health and quality of life. The aim of this study is to determine the prevalence of food insecurity among Iranian households, its key socioeconomic risk factors and population attributable risk via a large-scale cross-sectional study in the capital of Iran.
Introduction
Food is vital for survival. The current situation on food accessibility shows that achieving global food security is difficult (1) . Food security is defined as " having of physical and economic access to sufficient, safe and nutritious food for all people to meet their dietary needs and food preferences for an active and healthy life at all times" (2) . The concept of food insecurity is complex (3) and multifactorial, including behavioral, social, cultural, environmental, and economic factors. It can provide a valuable tool for evaluating nutritional patterns in households. The factors mentioned above may influence the way households manage their food sources.
Evidence shows that nearly one billion people in the world do not have adequate food, and this is probably getting worse by 2050 reaching more than 40% of the global population (4) . While there is an increase in food production, food insecurity continues to be unsatisfactorily high. Economic and demographic development has faced the limits of sustainability in food production, ecology, and economy, giving increase to deeper worries on food security at universal levels (5) .
Socio-economic factors affect household food security status (6) . Although poverty is the strongest predictor of food insecurity (7) , it contains different features of social and economic privation that are powerfully related to food insecurity (8) . Several studies have indicated that food insecurity is more among drug addicts (9) , unemployed people or those with a low income (10) , smokers (11) , households with large family size (12) , presence of chronic disease in the household (13) , and ethnic/racial minority groups (14) .
Since food security is a major public health problem, influencing many aspects of daily life and considering that its insecurity is associated with a wide range of adverse consequences on health and quality of life, it is important to know the risk factors of food insecurity as knowledge gaps still exist in this field (7) . On the other hand, the development of different diseases is more probable in individuals facing food insecurity, especially due to socio-economic factors. Therefore, we aimed to determine the prevalence of food insecurity among Iranian households and the key socio-economic factors influencing it, with a special focus on the economic status of surveyed households. Furthermore, we calculated adjusted population attributable risks (aPARs) for the identified risk factors in this study, to estimate the extent of food insecurity that could be attributed to these risk factors. To our knowledge, this study is the first to calculate population attributable risk for the risk factors of food insecurity.
Methods

Study Population
This cross-sectional study was conducted in the framework of Urban Health Equity Assessment and Response Tool (Urban Heart -phase 2) study in households of Tehran, Iran, during 2011. In this study, 33865 households (118452 individuals) were selected from all 22 districts of Tehran using multistage cluster random sampling. Details of the sampling method of Urban Heart study have been described in a previous published study (15) . One person of each household was interviewed by trained interviewers and questionnaires were completed. Exclusion criteria include: (a) all persons less than 20 years old, (b) having more than 20% missing in their questionnaires. Therefore, of all surveyed individuals (n=33865) that participated in this study, 3056 were excluded because some items were missed in their questionnaires. To enhance accuracy, all participating households were informed that their responses would remain confidential.
Study Instrument
An Iranian version of the household food security short questionnaire (six questions) was used to measure the prevalence of food insecurity in different districts of Tehran. This questionnaire was validated in Iran (16) and contains six items, as follows:
1. The food that I/we bought just didn't last, and I/we didn't have money to get more.
2. I/ we couldn't afford to eat balanced meals. 3. In the last 30 days, since last month, did you or other adults in your household ever cut the size of your meals or skip meals because there wasn't enough money for food?
4.
[If yes on item 3] in the last 30 days, how many days did this happen?
5. In the last 30 days, did you ever eat less than you felt you should because there wasn't enough money for food?
6. In the last 30 days, were you ever hungry but didn't eat because there wasn't enough money for food?
For items number 1 and 2, "Often" and "Sometimes" were considered as positive responses and "Never" in the last 30 days as a negative response. For questions number 3, 5 and 6 "Yes" was considered as a positive response. Responses of 3 days or more on item 4 were coded as positive (Yes). The sum of positive responses to the six items in the module yielded the household's raw score on the scale. Households were classified as 'food-insecure' if the respondent answered positively to two or more of the six household food security questions.
Economic Status
We used the "Wealth Index" to determine household economic status. The wealth index is a composite measure of a household's cumulative living standard. In this study, the wealth index was calculated using easy-to-collect data on a household's ownership of 14 selected assets; including: owning a telephone (yes, no), a mobile phone (yes, no), a fridge (yes, no), a microwave (yes, no), a personal computer (yes, no), a washing machine (yes, no), a bathroom (yes, no), a kitchen (yes, no), a toilet (yes, no), a car (yes, no), a motorcycle (yes, no), house ownership (proprietary or rental), number of rooms per capita (once and more vs. less than one) ) and infrastructure of the house per capita (above the median vs. below the median).
We used principal component analysis (PCA) to assign 3 weighting values to the indicator variables. In PCA, the indicator variables are first standardized (calculating Zscores). Then the coefficient factor scores (factor loading) are computed. After that, the indicator values are multiplied by the loading and summed to produce the household's index value for each household. In this process, only the first produced components are used to generate the wealth scores. Higher scores indicate higher economic status and vice versa. Finally, in order to determine each household's economic status, the scores were converted to five ordered categories (based on quintiles), from the poorest (1st quintile) to the richest (5th quintile) (17) .
Statistical analysis
Quantitative data is presented as mean ± standard deviation (SD). The Chi-square test was used to investigate the relationship between economic status and covariates with household food insecurity (univariate test). These relationships were adjusted for factors that could affect household food insecurity including family size, the presence of smokers in the household, presence of addicts in the household, having insurance and ethnicity by using multiple-logistic regression model (with the backward method), to assess the independent effect of economic status on household food insecurity. According to the results of multiple logistic regression models, adjusted odds ratio (OR) with 95% confidence interval (CI) was reported in this study.
In this study in order to answer the question "to what extent food insecurity could be attributed to economic status, in the studied households?", we computed population attributable risk. Adjusted population attributable risks (aPAR) were calculated, using adjusted odds ratio (aOR) for each variable, which had a significant association with food insecurity in multiple logistic regression model. The PAR equation is:
= proportion of source population in its exposure level; ORi= Adjusted odds ratio comparing its exposure level with the reference group (i=0) (18) .
To calculate PAR, we assume that each factor exerted an independent effect. Therefore, the sum of the percentages of aPAR can be more than 100%.
p<0.2 in univariate analyses (Chi-square) and p<0.05 in multiple-logistic regression model were considered statistically significant. The statistical analysis of the data was performed using SPSS software version 20 (IBM; USA)
Results
The mean±SD age of the respondents was 44.5±15.9 years (range: 20-90 years). There were 19967 women and 10842 men. Characteristics of the studied households are shown in Table 1 with respect to their food security status. Totally, 11633 households (37.8%, 95% CI: 37.25, 38.34%) were identified as food insecure. As shown in Table 1, the prevalence of food insecurity was more than 60% in the poorest households. It is also observed that the prevalence of food insecurity increased as the level of household economic status decreased. The lowest prevalence of food insecurity was observed in district 3 (17.9%, 95% CI: 15.9, 19.9%) and the highest in district 18 (52.5%, 95 CI: 50.05, 54.95%, Fig. 1 ). As shown in Figure 1 , the prevalence of household food insecurity was more than 30% in 81.1% of the surveyed districts (including districts 4, 5, 7-22) and even in 13.6% of them (including districts 15, 17, 18) was more than 50%. Moreover, Figure 1 shows that the prevalence of household food insecurity without hunger was more than 30% in 40.1% of the districts. It is also noticeable that household food insecurity with hunger was observed in all districts of Tehran (even in the more affluent districts such as 1, 2, and 3).
Univariate test (Chi-square) showed that there were significant associations (p<0.2) between food insecurity status in the surveyed households and variables such as household size, the presence of smokers in the household, presence of 4 addicts in the household, having insurance, ethnicity, and economic status (Table 2) . Moreover, the final multiple logistic regression models on the relationship between food insecurity and surveyed variables show that there were significant relationships between all entered variables in the model with food insecurity (p<0.001, Table 2 ). According to aORs shown in Table 2 , economic status had the strongest relationship with food insecurity among all variables.
As the economic status of the studied households decreased, the chance of food insecurity increased. As Table  2 shows, the extent of food insecurity that could be attributed to the economic status in the 1st and 2nd quintiles (poorest and poor households), compared with the 5th quintile (richest households), was estimated to be 48.43% and 60.12%, respectively. Furthermore, 40.68% and 39.77% of food insecurity in the 3rd and 4th quintiles, respectively, were also attributed to economic status ( Table 2) .
Discussion
In this study, we aimed to investigate the association between economic status and food insecurity in Iranian households, using a validated instrument (short six-items) to identify household food insecurity. In this study, the prevalence of food insecurity was 37.8% which was similar to the result of a previous study in Tehran, Iran, showing that 36.6% of households experienced food insecurity (19) . In contrast, Dastgiri reported that 59.3% of the households in the northwest region of Iran were food insecure (16) . Additionally, in another study by Mohammadi Nasrabadi, the 
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prevalence of food insecurity in urban and rural Iranian households was 23.2%, which is less than the finding in our study (20) . This indicates an urgent need to recover substructures. We found that in 45.5% of the surveyed districts in Tehran, the prevalence of household food insecurity with hunger was more than 10%. Ramesh reported that the prevalence of food insecurity with hunger was 27.8% in Shiraz (21) , similar to the results of another study from Thailand showing that 30.1% of households experienced food insecurity with hunger (22) . Hunger and food insecurity pose multidimensional and complicated difficulties due to their close association with poverty. National nutrition support programs and community food security plans may help decrease these challenges by providing fair access to healthy and nutritious food supplies for all people.
We found that the lowest prevalence of household food insecurity was observed in district 3 (17.9%) and the highest was in district 18 (52.5 %) of Tehran. The prevalence of household food insecurity in 81.1% of the districts was more than 30%. Food insecurity was more than 50% in 13.6% of the districts. No other study has assessed household food insecurity in different districts of Tehran to compare the results with. We just found a study conducted by Djazayery among high school girls from two areas in North and South of Tehran, Iran, reporting food insecurity was 36.8% and 42.5% in the North and South of Tehran, respectively (23) . Therefore, the difference in the prevalence of household food insecurity in different districts of Tehran is probably the result of cultural and economic differences between the districts and the level of household income dedicated to the food supply.
After adjusting for other variables to control their confounding effects, it was detected that the food insecurity determinants included all entered variables in the model: The household size, presence of smokers in the household, presence of addicts in the household, having insurance, ethnicity, and economic status were all effective factors on household food insecurity in this study. Based on these results, food insecurity was directly related to household size, which is similar to a previous study (12) . The detected association between these factors is perhaps due to the fact that when food prices or unemployment increase, the household food supply decreases, and in larger families the amount of food for each member in the household will decrease consequently.
This study recommends that smoking is related to food insecurity among household members, which is consistent with the results of a previous study (11) . Our findings indicated that households with smokers had more odds of being food insecure than households without smokers. These results recommend that being a smoker may result in a dietary deficiency in a household which is already influenced by poverty and low health outcomes.
Confirming the findings of a previous study (24) , our study showed an association between food insecurity and the presence of addicted persons in a household. It has been assumed that addiction may cause a delay in accessing health and social support programs and at the same time, addicted persons have a higher risk of being food insecure because they are less aware of food resource programs (25) and may need more support in this field. Because of the lack of information among addicted people who have problems with the accessibility of food facilities provided, it is very difficult to address food insecurity difficulty by treatment service staffs (26) .
Our results demonstrated that Fars ethnicity had lower odds of being food insecure compared to other Iranian ethnicities. Based on the findings of Rezazadeh' study, Kurdish people were more food insecure compared to Azeris (27) . In Mohammadi' study, Azeri's women were also more food insecure than that of Tehranian women (28) . It must be considered that it is difficult to interpret the association between ethnicity and food insecurity in the multicultural background of Iran without studying other ethnic groups. To understand the correct relationship between ethnicity and food insecurity, more comprehensive studies are required, and this information could be very important in designing community-based interventions to prevent food insecurity in ethnic populations.
The large sample size in this study might influence the relationship between these variables (family size, the presence of smoking and addiction among family members, insurance and ethnicity) and food insecurity. It was also observed that the odds ratio for these variables in the final model (multiple analyses) is not reliable to be used for judging these relationships because of their proximity to one. Multiple analysis was performed in order to control the effects of these variables on the relationship between economic status and food insecurity in addition to their independent relationship with food insecurity in univariate analysis.
We also found a strong negative association between food insecurity and economic status. When the findings were categorized by economic status (poorest, poor, moderate, rich, and richest), we found an increased risk of food insecurity status in households with low economic status, which was not observed in the richest households. Although some studies have investigated this association, few studies have observed a weak influence of economic status on food insecurity. For instance, a study in China that investigated the influence of food security and dietary deficiency on literacy found that economic status was positively associated with food insecurity (29) . It is thus reasonable that households with varied foods may face food insecurity less than households which completely depend on bought foods. This possibly describes the association between poverty and food insecurity.
In our study, the odds ratio of food insecurity was 7.8 times higher in the poorest households or even 2.4 times higher in the rich households compared with the richest households. Food security and poverty are inseparable. Although food security alone does not eradicate poverty any strategy to fight poverty must be integrated with policies to ensure the best chance of reducing mass poverty and hunger. The structure of poverty in Iran makes this assumption that poor households will have to cut at least some foods. In our study, the proportion of food insecurity that could be attributed to the economic status in the 1st and 2nd quintiles http://mjiri.iums.ac.ir Med J Islam Repub Iran. 2019 (9 Nov); 33:119.
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(poorest and poor households), compared with the 5th quintile (richest households) was estimated to be 48.43% and 60.12%, respectively. It means that more than 48% and more than 60% of the population risks of food insecurity in poorest and poor households, respectively, would be eliminated if their economic status increases to the level of the richest households.
About 63% of poorest families suffered from food insecurity. Low income has also been related to food insecurity in another study (30) . Based on Temple's findings, the risk of food insecurity increased per amount of income reduction (31) . In contrast, another study had found an inverse association between food insecurity and the economic level (32) . Higher household income increases purchasing power and increases food security. The ability to consume adequate amounts of food in order to decrease food insecurity depends on household income and economic status. Overall, the association between food insecurity and economic status could be described through the significant role of economic status in food accessibility.
Strength and limitations
The strength of this study includes having a large sample size and using logistic regression analysis as well as assessing economic index and its effect on food insecurity which was the judging criteria for the economic status of Iranian households. Due to the cross-sectional design of the present study, determining fundamental inferences between food insecurity and economic status is difficult. A prospective study is needed to clarify the causality direction. Additionally, we acknowledge that households residing in Tehran are a heterogeneous group with main differences in socio-economic status and probably different food insecurity levels. Since this information could be a key to modify economic policies and food insecurity interventions, more comprehensive studies are necessary for the future.
Conclusion
Food insecurity was relatively prevalent among households in Tehran. Household size, the presence of smokers or addicts in the household, having insurance, ethnicity, and economic status were risk factors for food insecurity in this study. Among these risk factors, economic status was identified as the most significant determinant of food security, as 62.7% of poorest households were food insecure. This shows that it is hard to address food insecurity in Iran without addressing economic status. To achieve this goal it is necessary to combine national nutrition and food policies to improve the unpleasantly high level of food insecurity in Iranian poor households. Dietary supportive and educational programs are also necessary for these households.
